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Abstract
In this paper we compare the results of the MACRO detector at
Gran Sasso, that is the largest neutrino telescope operated before the
year 2k, with theoretical predictions of the neutrino emission from some
promising targets, such as blazars and GRB’s. In particular we propose
a new statistical method, justified by the maximum entropy principle,
for assessing a model independent upper limit to the differential flux of
neutrinos inferred from the measured up-ward going muon flux. This
comparison confirms that the acceptance of a detector of up-ward going
muons should be of the order of 1 km2, in order to challenge the present
theoretical estimates of possible neutrino production in both galactic
and extra-galactic objects.
1 Introduction
Large detectors of high energy (> 1 GeV) neutrinos, like MACRO in the
Gran Sasso Laboratory[?] or SuperKamiokande [?] have been operated in the
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last decade of the past century, but no extrasolar astrophysical source has
been detected. The occasion of this paper is related to the decommissioning
of the MACRO detector at Gran Sasso, that is the largest neutrino telescope
operated before the year 2k. The proposal for the detector was accepted in
November 1984 [?]. Physics runs started in March 1989, as soon as the
first supermodule of the detector has been built [?, ?] The full detector
[?] has been run from April, 1994 to December 31, 2000 when it has been
decommissioned. A sample of a 1000 up-ward going muons has allowed the
measurement of the flux of geophysical neutrinos collected up to September,
1999 [?], producing also interesting result [?]. The purpose of this paper is
to compare the upper limits obtained by MACRO with current models of
neutrino emission from astrophysical objects. First in the following §2 we
will discuss the physics of neutrino detection in detectors of up-ward going
muons. In particular in §2.1 we discuss the extrapolation of the differential
neutrino cross section to the range of energies of interest for astrophysical
neutrino detection, in §2.2 the conversion of neutrinos into muons in the
rock and finally in §2.3 we give the rationale for a new statistical method for
assessing a model independent upper limit to the differential flux of neutrinos
inferred from the measured up-ward going muon flux. In §3 we present some
results obtained from the MACRO survey of neutrino induced up-ward going
muons. In §3.1 we present the constraint to the neutrino emission from the
Crab nebula, in §3.2 that for a possible neutralino decay in the Galactic
center, in §3.3 the constraint to diffuse neutrino background which can be
inferred from the cumulative search of coincidences with blazars and in §3.4
we discuss the same topic for the GRB deriving an upper limit to the diffuse
flux of neutrinos correlated with GRB . Finally in §4 we discuss the prospect
for detection of neutrinos in the next future by the planned detectors.
2 Neutrino detection
2.1 Extrapolation of neutrino cross section
The detection process for muon neutrinos and anti neutrinos is the Charged


































where y = 1 − Eµ/Eν is the fraction of neutrino energy lost in the Lab
system, x = Q2/2mN (Eν − Eµ) the fraction of parton momentum carried
by the struck parton, and Q2 = xy(s −m2N ) the square of the transferred
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